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Existing trauma and critical care scoring systems
underestimate mortality among vascular trauma
patients
Shang A. Loh, MD, Caron B. Rockman, MD, Christine Chung, BS, Thomas S. Maldonado, MD,
Mark A. Adelman, MD, Neal S. Cayne, MD, H. Leon Pachter, MD, and Firas F. Mussa, MD, New York, NY
Background: The impact of vascular injuries on patient mortality has not been well evaluated in multi-trauma patients.
This study seeks to determine (1) whether the presence of vascular trauma negatively affects outcome compared with
nonvascular trauma (NVT) and (2) the utility of existing severity scoring systems in predicting mortality among vascular
trauma (VT) patients.
Methods: A retrospective review of our trauma database from January 2005 to December 2007 was conducted.
Demographics, Injury Severity Scores (ISS), Revised Trauma Scores (RTS), Trauma Score–Injury Severity Scores
(TRISS), Acute Physiology and Chronic Health Evaluation II (APACHE II) scores, and mortality rates were compared.
Control patients were selected from a matching cohort based on ISS. Comparisons were made between groups based on
the above scoring systems. Statistical analysis used 2 analysis and Student t-tests.
Results: Fifty VT and 50 NVT patients were identified with no significant differences in age, gender, mechanism of injury,
ISS, RTS, or TRISS. The mean APACHE II score was higher in VT compared with NVT (12.3 vs 8.8, P< .05). Overall
mortality was higher in VT compared with NVT but did not reach statistical significance (24% vs 11.8%, P  .108). VT
patients with RTS score >5 had a higher mortality rate (26% vs 2.2%, P  .007). VT patients with an ISS score >24 had
a higher mortality compared with NVT patients (61% vs 28.6%, P .04). VT patients with an APACHE II score<14 also
had a higher mortality rate (18.2% vs 0%, P  .007). Finally, VT patients with a TRISS probability of survival of >80%
had a higher mortality rate (13.9% vs 0%, P  .05).
Conclusions: In multi-trauma patients, the presence of vascular injury was associated with increased mortality in less
severely injured patients based on the RTS, TRISS, and APACHE II scores. These scoring systems underestimated
mortality in patients with vascular trauma. Level of care and future trauma algorithms should be adjusted in the presence
of vascular trauma. (J Vasc Surg 2011;53:359-66.)
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ITrauma is the leading cause of mortality in the first four
decades of life.1 While the epidemiology and outcomes of
nonvascular trauma have been well studied, vascular trauma
has not been well characterized outside of the military
experience.
1, 2
More than 10 years ago, Caps reported that
the incidence of vascular trauma had significantly increased
over the previous 5 decades, contributing to overall trauma
morbidity and mortality.2 Furthermore, studies have
shown that abdominal vascular trauma has been associated
with higher overall mortality and poorer functional out-
comes than seen in the general trauma population.3-7
However, none of these studies matched patients based on
severity of injury. In addition, current trauma scoring sys-
tems, which utilize either physiologic or anatomic parame-
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doi:10.1016/j.jvs.2010.08.074ers to determine injury severity,8-10 have not been vali-
ated specifically for vascular trauma. The aim of this study
as to examine mortality in patients with vascular trauma at
n urban level I trauma center compared with patients with
onvascular trauma and matching Injury Severity Scores
ISS). Furthermore, we sought to evaluate the usefulness of
ommon injury severity scoring systems in predicting mor-
ality for patients with vascular injuries.
ETHODS
Study design. A retrospective analysis of the trauma
atabase from January 2005 toDecember 2007 at an urban
evel I trauma center was conducted. Vascular trauma (VT)
atients were identified based on International Classifica-
ion of Disease–9 (ICD-9) diagnoses codes and repre-
ented all vascular trauma for this time frame. A contempo-
ary cohort of multi-trauma patients with nonvascular
rauma (NVT) and matching ISS was selected as a control
roup. The study was approved by the Institutional Review
oard. Parameters collected included: age, sex, vital signs,
lasgow Coma Scale (GCS), mechanism of injury, location
nd severity of injury, mode of diagnosis, need for a vascular
onsult, need for vascular intervention, and mortality. Vas-
ular injury severity was graded on a 5-point scale which
as a slightly modified version of the original Abbreviated
njury Score (AIS) described by Moore et al.11-13 Injury
everity ranged from 1 (minor), 2 (moderate), 3 (severe), 4
359
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February 2011360 Loh et al(critical), to 5 (unsurvivable).Outcome was also graded on
a 5-point scale from 1 (return to baseline function), 2 (mild
functional deficit), 3 (moderate functional deficit), 4 (se-
vere functional deficit), to 5 (death). In addition, the
Revised Trauma Score (RTS), Trauma Score–Injury Sever-
ity Score (TRISS), and Acute Physiology and Chronic
Health Evaluation II (APACHE II) score were calculated
based on admission parameters.
The primary end point was overall mortality. The pre-
dicted mortality based on ISS, RTS, TRISS, and APACHE
II scores was also compared with actual mortality.
Diagnosis of vascular injuries. Upon admission to
the trauma bay, Advanced Trauma Life Support (ATLS)
protocols were observed. All vascular injuries were diag-
nosed within the initial hours in the trauma bay or operat-
ing room. Clinical suspicion or proximity injuries were
evaluated with computed tomography angiogram (CTA).
Blunt injuries with suspicion of vascular injury were evalu-
ated with duplex ultrasonography when anatomically feasi-
ble during the day and CTA at night. Hard clinical findings
of vascular injury were evaluated in the operating room
(OR) with traditional angiogram or in the interventional
radiology (IR) suite for pelvic injuries. The APACHE II,
RTS, and TRISS trauma scores were calculated from lab
values and vital signs upon initial presentation in the trauma
bay. The ISS system, however, is an anatomic system and
the score calculated after injuries was diagnosed.
Calculation of trauma scores. Calculation of the scor-
ing systems has been previously described. Briefly, for the ISS,
AIS from 1 (minor) to 5 (critical) is assigned to the most
severe injury in each of six anatomic regions (head and neck,
face, chest, abdomen, extremity, and external).11-13 If any
injury is deemed unsurvivable, it is assigned a value to 6. The
top three injuries are squared and summed to calculate the
ISS, which can range from 3 (best) to 75 (worst). A score of 6
in any category automatically gives an ISS of 75.8
The RTS is calculated by assigning a value of 0 (worst) to
4 (best) to the GCS, systolic blood pressure (SBP), and
respiratory rate (RR). The score is calculated based on a
weighted formula with GCS carrying the most weight fol-
lowed by SBP. The score ranges from0 (worse) to 7.84 (best)
and the resultant survival curve is logarithmic.9 Unlike the
other systems, higher RTS scores indicated less severity.
The APACHE II score was calculated by obtaining 14
physiologic and laboratory parameters and assigning a value
based on deviation from normal. The values are summed to
achieve the final score. The score ranges from 0 (best) to 75
(worst) and the resultant survival curve is logarithmic.10
The TRISS score was calculated by utilizing the ISS and
RTS scores in a predetermined equation that takes into
account the age of the patient and whether the injury was
blunt or penetrating. The resultant score is then used to
calculate the probability of survival.14
Statistical analysis. Means, standard deviations, and/or
standard errors of the mean were calculated. Continuous
variables were analyzed using Student t test and categorical
variables were analyzed using 2 with continuity correction
and Fisher exact tests for smaller samples. A P value less than i05 was considered significant. Receiver operator characteris-
ic curves (ROC) were constructed to test the discriminatory
bility of all four trauma scoring systems. The area under the
urve (AUC) or C-statistic was calculated to determine con-
ordance or discordance. Statistical analysis was performed
sing SPSS statistical software (SPSS, Chicago, Ill).
ESULTS
Patient characteristics. During the study period, a to-
al of 2157 patients were evaluated by the trauma service. Fifty
atients (2.3%) with vascular trauma were identified during
he study period with an additional 50 ISS-matched, nonvas-
ular trauma patients as controls. Both groups were similar in
ge and gender. Mechanism of injury was slightly different
etween the two groups but not statistically significant. In the
T group, penetrating and pedestrian struck mechanisms
ccounted for 38 (75%) of the injuries while themechanism in
he NVT group was more evenly distributed (Table I).
In the VT group, 13 (26%) had more than one vascular
njury and 36 (72%) had an injury to a major vascular struc-
ure. Arterial injuries accounted for 42 (82%) of vessels in-
olved. Diagnosis was made on clinical grounds in 20 (40%)
nd found on angiogram in 23 (46%). The remaining seven
14%) were diagnosed on computed tomography angiogra-
hy (CTA) or duplex ultrasound. Thirty-five (70%) patients
ad severe to critical injuries posing an imminent danger to
he patient’s life. Patient characteristics are summarized in
able I.
Vascular surgery consultation. Operative vascular
ntervention was indicated in 28 (56%) patients. Of those, a
ascular surgeon was involved in 22 (79%). In the remain-
ng 6 (21%), the injury was repaired primarily by the trauma
ervice. Injuries repaired by the trauma service involved the
nferior vena cava, portal vein, anterior jugular vein, com-
on carotid artery, and radial artery. Only two patients
7%) were treated with endovascular techniques precluding
nymeaningful analysis. Both cases were aortic transections
ith placement of a thoracic endograft. Furthermore, the
ortality rate of VT patients requiring operative interven-
ion was 28.6% compared with 18.2% for those VT patients
ot requiring an operation (P  .512). While the overall
ate for a vascular surgery consult was 58% (29 patients),
hat rate increased as injury severity increased. Vascular
urgery consult was obtained in 3/9 (33%) patients with
oderate, 8/13 (62%) severe, and 18/22 (82%) with
ritical injury severities. Those patients with minor or un-
urvivable injuries did not involve a vascular surgeon.
Outcomes and mortality. There was no significant
ifference observed in functional outcome between the two
roups at the time of discharge (Table I). There was a trend
oward higher mortality in the VT group compared with the
VT group (24% vs 12%, P  .108, Fig 1). The number of
ascular injuries did not appear to impact mortality (single
3.08% vs multiple 24.32%, P  .6); however, the vessel
nvolved, type, and location of the vascular injuries were not
ubstratified.
The mortality rates for each of the mechanisms of
njuries were also examined to exclude the possibility of
f
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i
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mechanism of injury. In the VT patients, gunshot wounds
and the pedestrian struck mechanism were more prevalent
Table I. Comparison of vascular and nonvascular trauma p
Vascular t
Total patients 50
Age 37.5 
Gender
Male 36 (72
Female 14 (28
Mechanism of injury
Gun shot wound 9 (18
Stab wound 11 (22
Pedestrian struck 18 (36
Motor vehicle crash 2 (4%
Fall from height 7 (14
Blunt trauma 3 (6%
Multiple vascular injuries
Yes 13 (26
No 37 (74
Injury location
Intracranial 3 (6%
Neck 4 (8%
Chest 5 (10
Abdomen 13 (26
Pelvis 11 (22
Upper extremity 6 (12
Lower extremity 8 (16
Vessel type
Artery 41 (82
Vein 8 (16
Both 1 (2%
Type of injury
Laceration 21 (42
Transection 13 (26
Dissection pseudoaneurysm 5 (10
Spasm 2 (4%
Thrombosis 2 (4%
Fistula 1 (2%
External hematoma 4 (8%
Compression 2 (4%
Severity of injury
Minor 4 (8%
Moderate 9 (18
Severe 13 (26
Critical 22 (44
Unsurvivable 2 (4%
Mode of diagnosis
Clinical 20 (40
Angiogram 23 (46
CT scan 5 (10
Duplex 2 (4%
Vascular consult
Yes 29 (58
No 21 (42
Operation required for vascular injury
Yes 28 (56
No 22 (44
Outcome
Baseline function 11 (22
Mild functional deficit 17 (34
Moderate functional deficit 7 (14
Severe functional deficit 3 (6%
Death 12 (24while falls from height and motor vehicle accidents were mound more often in NVT patients. However, the pedes-
rian struck and falls from height both carried high mortal-
ty rates (26.32% and 26.67%) while gunshot wounds and
nts
a Nonvascular trauma P value
50
42.8  17.7 .129
.128
43 (85%)
7 (14%)
.420
5 (10%)
12 (24%)
12 (24%)
6 (12%)
12 (24%)
3 (6%)
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
.378
14 (28%)
22 (44%)
4 (8%)
4 (8%)
6 (12%) .108atie
raum
17.7
%)
%)
%)
%)
%)
)
%)
)
%)
%)
)
)
%)
%)
%)
%)
%)
%)
%)
)
%)
%)
%)
)
)
)
)
)
)
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%)
)
%)
%)
%)
)
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%)
%)
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)otor vehicle accidents carried low mortality rates (7.14%
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February 2011362 Loh et aland 12.5%). The prevalence of mechanisms of injury carry-
ing high mortality was evenly distributed between VT and
NVT patients.
Trauma scoring systems and mortality. The ISS,
RTS, APACHE II, and TRISS scores were calculated to
determine the predicted mortality in the presence or ab-
sence of VT and to validate their usefulness and accuracy in
predicting mortality.
Injury severity score. By design, the two groups were
matched based on ISS; therefore, there was no difference in
the mean ISS between the two groups (24.2 1.8 vs 25.5
1.9, P .63, Table II). Based on these scores, the composite
predicted mortality, adjusted for age, was 14.3% (VT) and
15.6% (NVT). However, the actual mortality of 24% in the
VT group was higher than predicted. There appeared to be a
trend toward a lower mean ISS for VT fatalities compared
with NVT (37.83  4.49 vs 47.33  6.68, P  .13, Fig 2).
For the less severely injured patients (ISS 30, 80% pre-
dicted survival), the VT group had a higher mortality but this
did not reach statistical significance (10.8% vs 3%,P .17, Fig
3). Interestingly, for those with a predicted mortality greater
than 15%, VT carried a significantly higher mortality than
NVT (61% vs 29%, P .04).
Revised trauma score. The RTS was similar between
Fig 1. Overall mortality betwe
Table II. Trauma scoring systems in vascular and nonvasc
Vascular trauma Pr
Mean  SEM m
Injury Severity Score (ISS) 24.22  1.8 1
Revised Trauma Score (RTS) 6.64  0.26
APACHE II score 12.26  1.28 1
TRISS 0.811  0.082 1
APACHE II, Acute Physiology and Chronic Health Evaluation II; TRISS,the two groups (6.6  0.3 vs 7.0  0.2, P .21, Table II). the predicted mortality was 4% (VT) and 3% (NVT). In the
ubset of patients with greater than 80% predicted survival
RTS 5), the presence of vascular injuries was associated
ith significantly higher mortality (26.2% vs 2.2%, P .007,
ig 3). The predicted mortality of 4% was less than the actual
ortality of 24% in the VT group. The mean RTS for VT
atalities was significantly more favorable than in the NVT
roup (6.2  0.6 vs 3.8  0.5, P  .01, Fig 4) which is an
nderestimation of severity of injury in the presence of VT.
APACHE II score. The APACHE II scores were
ignificantly different between the VT and NVT groups
12.3  1.3 vs 8.8  1.2, P  .05, Table II). This
orrelated to a predicted mortality of 15.1% (VT) and 9.6%
NVT). Nevertheless, this was still markedly lower than the
ctual mortality of 24% in VT. Themean APACHE II score
or VT fatalities was significantly lower compared with the
VT group (17.0  2.4 vs 25.8  2.2, P  .02, Fig 5),
hich again underestimates the injury severity in VT pa-
ients. For those patients with less severe injuries and pre-
icted survival of greater than 80% (APACHE II 14), the
ctual mortality was statistically higher in the VT group
18.2% vs 0%, P .02, Fig 3).
Trauma score–injury severity score. The TRISS
ean calculated probability of survival was similar between
scular and nonvascular trauma.
trauma patients with predicted mortality
d Nonvascular trauma Predicted
ty Mean  SEM mortality P value
25.47  1.86 15.6% .630
7.06  0.21 3.0% .209
8.75  1.18 9.6% .046
0.842  0.107 15.8% .283
a Score–Injury Severity Scores.ular
edicte
ortali
4.3%
4.0%
5.1%
8.9%he two groups (0.811 0.082 vs 0.842 0.107, P .28,
s
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Volume 53, Number 2 Loh et al 363Table II). The predicted mortality was 18.9% (VT) and
15.8% (NVT). In the subset of patients with greater than
80% predicted survival (TRISS  0.800), the presence of
vascular injuries was associated with significantly higher mor-
tality (13.9% vs 0%,P .05, Fig 3). The predictedmortality of
18.9% was less than the actual mortality of 24% in the VT
group. The mean TRISS for VT fatalities was significantly
more favorable than in the NVT group (0.659  0.096 vs
0.240 0.08, P .002, Fig 6), which is an underestimation
of severity of injury in the presence of VT.
ROC analysis. An ROC analysis of all four scoring
systems showed that ISS was better than APACHE II and
TRISS in predicting mortality in vascular trauma patients
Fig 2. Mean injury severity score of fatalities
Fig 3. Mortality in patients with(Table III). The RTS fared poorly compared with the other tystems. The AUC of the ISS was 0.870 with a 95% CI of
.746-0.993. The APACHE II and TRISS scoring systems
ad similar AUC of 0.758 (95% CI, 0.626-0.889) and
.786 (95% CI, 0.641-0.932). The RTS had an AUC of
.618 (95% CI, 0.432-0.805).
ISCUSSION
Despite the steady increase in vascular trauma over the
ast five decades, major vascular injuries still represent a
mall percentage of traumatic injuries1, 2 and little is known
bout the epidemiology of vascular trauma outside of the
ilitary experience.1,2 Furthermore, vascular injuries lead
o increased utilization of medical resources.2 In fact, pa-
een vascular trauma and nonvascular trauma.
ter than 80% predicted survival.ients with VT have the highest utilization of medical
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February 2011364 Loh et alresources among trauma patients.2 A key limitation to
previously published studies is the lack of comparison with
similarly injured NVT patients.
Since the initial studies, major advances have been
made in pre-hospital treatment, rapid hospital transport,
triage, and resuscitation.15-17 All of these factors have led to
improved survival of patients with vascular injuries.16 At
our institution a vascular surgeon was involved in 75% of
patients with severe to critical injuries. Vascular surgery was
not involved in those patients with minor or unsurvivable
Fig 4. Mean revised trauma score of fatalities betwe
Fig 5. Mean APACHE II score of fatalities betweeinjuries. Furthermore, almost 80% of patients requiring iascular operative intervention involved a vascular surgeon.
uture studies will better assess the emerging role of endo-
ascular treatments in trauma patients.
Our finding that VT patients have higher mortality rates
ompared with NVT (24% vs 12%) is consistent with a prior
eport by Galindo et al who showed a mortality of 20.8% in
T patients compared with 4.5% in NVT patients.18 The
ighermortality of theNVTgroup in our study is attributable
o the matching of ISS with the VT group. The ISS of the
VT groupwas 8.4 in theGalindo study comparedwith 25.5
tients with vascular trauma and nonvascular trauma.
ients with vascular trauma and nonvascular trauma.n this study. Other studies of vascular trauma, such as the
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Volume 53, Number 2 Loh et al 365large urban study by Mattox in 1998,16 did not utilize a
control cohort with matched injury severity.
The traditional trauma scoring systems such as the ISS,
RTS, and TRISS were designed to predict mortality calcu-
lated across the entire spectrum of trauma patients.8,9 Sim-
ilarly, the APACHE II score is even broader as a measure of
critically ill patients regardless of mechanism.10 All four
systems failed to accurately predict mortality in the VT
group (14.3% [ISS], 4% [RTS], 15.1% [APACHE II], and
18.9% [TRISS] vs 24% [actual]). The TRISS scoring sys-
tems was the most accurate in predicting mortality in the
VT patients but still underestimated the actual mortality.
The ISS, APACHE II, and TRISS systems were reasonably
accurate in predicting mortality in NVT patients (15.6%,
9.6%, and 15.8% vs 11.8%). The increased mortality of
vascular trauma patients is likely diluted by its low incidence
in the general trauma population. The RTS dismal ability to
predict mortality may stem from its design as an immediate
clinical assessment tool utilizing parameters that may not
manifest derangement immediately. Interestingly, in less
Fig 6. Mean TRISS score of fatalities between p
Table III. Receiver operator characteristic curves C-
statistic for trauma scoring systems in vascular trauma
patients
Trauma scoring system
C-statistic
(AUC)
95% confidence
interval
Injury Severity Score (ISS) 0.870 0.746-0.993
Revised Trauma Score (RTS) 0.618 0.432-0.805
APACHE II score 0.758 0.0626-0.0889
TRISS 0.786 0.641-0.932
APACHE II, Acute Physiology and Chronic Health Evaluation II; TRISS,
Trauma Score–Injury Severity Scores.severely injured patients (greater than 80% predicted sur- bival) almost all of the mortalities were in vascular trauma
atients. This clearly highlights the fallacies of the scoring
ystems causing an underappreciation of severity in VT
atients with a lower calculated trauma score.
The ROC analysis performed on the scoring systems
lso supported the conclusions that these scoring systems
ere not ideal to predict mortality in VT patients. The ISS
as the best of the four systems tested with an AUC of
.870, which makes it an adequate, but not superb, trauma
coring system for VT patients. The TRISS and APACHE
I systems had AUCs of 0.786 and 0.758 indicating that
hese studies are not ideal for use in vascular trauma pa-
ients. Finally, the RTS had an AUC of 0.618 making it a
ompletely inadequate scoring system for VT patients.
Closer examination of physiologic scoring systems such
s the RTS, APACHE II, and TRISS reveal that GCS
arries more weight in determining the score than any other
actor. In the RTS system GCS carries 30% more weight
han SBP. In the APACHE II system GCS accounts for
6% of the total possible points and combined with age,
oth make up almost 30%. The heavy weight of neurologic
arameters may explain the lack of utility of these systems
hen applied to VT patients. Anatomic scoring systems
uch as the ISS may suffer from an inability to recognize
njury to vascular structures without advance imaging. In
ddition, grading of injury severity is subjective and may
ary based on provider. In all cases, initial assessment may
ot be accurate and physiologic parameters specific to
emorrhage should be evaluated. An accurate scoring sys-
em to compare and predict mortality in vascular trauma
atients would need to combine physiologic parameters
pecific for hemorrhage with a defined anatomic scoring
ystem based on vessel injured. The TRISS system com-
ines anatomic and physiologic parameters and therefore
ts with vascular trauma and nonvascular trauma.etter predicts mortality in VT patients compared with the
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factors specific for vascular injuries thus still underestimates
mortality in this patient population.
Endovascular surgery promises the ability to treat
vascular injuries with significantly less morbidity and
mortality.19 In fact, the use of endovascular techniques
to treat VT has increased 2.5 times in the past decade;
however, few trauma surgeons possess an advanced cath-
eter based skill set.20 Endovascular therapies offer
greater versatility and the ability to treat anatomically
difficult areas (eg, supra-renal aorta, retro-hepatic infe-
rior vena cava, high cervical carotid, and vertebral artery
injuries). The boundaries of endovascular therapy are
constantly moving forward and the reduced morbidity
and mortality of endovascular surgery have the potential
to change the overall outcomes and ultimately mortality
of vascular trauma patients.
Limitations. There is no scoring system that is univer-
sally accepted; therefore, our decision to use ISS was based
on its design as an anatomic rather than physiologic system.
Functional disability, as a result of trauma, is especially
important in young active individuals; however, our study
was not powered to examine functional outcome. The
small sample size also limited our ability for subset analysis.
In particular, we recognize that injury to particular ana-
tomic areas and vessels carries increased severity. Future
studies should examine larger patient numbers to make
meaningful conclusions on immediate and long-term out-
comes in vascular trauma.
CONCLUSION
We examined mortality in vascular trauma patients com-
pared with a matched cohort of nonvascular trauma patients.
In patients with similar injury severity, the presence of VTwas
associated with a trend toward increased mortality. Further-
more, the ISS, RTS, TRISS, and APACHE II scoring systems
underestimated mortality when VT was present rendering
them inaccurate when examining VT patients. New scoring
systems should be developed to allow meaningful evaluation
of the current care of vascular trauma patients. These patients
should be critically evaluated expeditiously regardless of cal-
culated score. In addition, vascular surgery should be involved
early given its expertise in bothopen surgical and endovascular
techniques.
The authors would like to acknowledge Maria McGee
and Sally Jacko, RN for their invaluable contribution in
data collection.
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